Inter-and intratalker variation in the production of lexical tones may contribute to acoustic overlap among tone categories. The present study investigated whether such category overlap gives rise to perceptual ambiguity and, if so, whether listeners are able to reduce this ambiguity using contextual information. In the first experiment, native Cantonese-speaking listeners were asked to identify isolated Cantonese level tones produced by 7 talkers. Identification accuracy was significantly higher when the presentation of items was blocked by talker rather mixed across talkers. In the second experiment, listeners identified the final (target) tone of 6-syllable semantically neutral sentences with f 0 patterns of the context (i.e., the first 5 syllables) altered. The same target tone was identified differently depending on the context. In the third experiment, the context portions of stimulus sentences from the second experiment were divided into 2 halves, and their f 0 patterns were altered independently. In identifying the target tone, listeners relied more heavily on the f 0 pattern of the second (last) half of the context. These results are discussed in relation to characteristic inter-and intratalker variations of lexical tones.
intratalker variation is the decline in f 0 across an utterance, even in a tone language. For example, a high tone produced at 150 Hz at the beginning of a phrase may be lowered to 135 Hz at the end. This successive lowering of the f 0 pattern for the same lexical tone across an utterance is termed downdrift (Ohala, 1978) . Sentence focus or emphatic stress is also a source of intratalker variation (e.g., This is TOM 'S book, not Mary's) . A word spoken with focus tends to be higher in pitch (Jin, 1996; Xu, 1999) .
Talker Normalization at the Segmental Level
Although phonetic categories overlap, listeners often use talker cues to help resolve potential ambiguities, a process referred to as talker normalization. In an early study, Ladefoged and Broadbent (1957) had listeners identify synthetic /bVt/ words presented at the end of the precursor sentence, "please say what this word is." Six versions of the precursor sentence were synthesized, each with a different range of F 1 and F 2 , corresponding to different talkers. Identification of the target vowel was found to vary according to the formant values in the carrier sentence. For example, a vowel that was perceived as /I/ 87% of the time when the precursor had a relatively high F 1 was perceived as /"/ 90% of the time when the precursor sentence had a relatively low F 1 . The vowel /I/ has a lower F 1 than /"/. When the precursor sentence had a higher F 1 , it contrastively made the F 1 of the target sound lower, yielding more /I/ responses. In other words, there was an inverse relationship between the frequency range in the precursor sentence and target perception. This method of manipulating acoustic properties of the precursor to affect perceptual characteristics of a fixed target is used in the current study. For a recent discussion of data and theories relevant to the problem of talker normalization, see Johnson and Mullennix (1997) .
Apart from formant frequencies, listeners also appear to normalize their perceptual judgments on the basis of variation in utterance rate. Summerfield (1981) presented listeners with precursor sentences with two different speaking rates followed by a CV target of fixed acoustic properties. Listeners were asked to identify the initial consonant of the target. The faster speaking rate yielded a shift of phoneme boundary to a shorter voice onset time (VOT) value, yielding more voiceless percepts. In a subsequent experiment, Summerfield used a three-word precursor sentence and manipulated the speaking rate of each word independently while holding the target constant. The word closest to the target contributed the most in shifting the phoneme boundary of the target. As is discussed later, this recency effect in normalization was also observed in the current study of lexical tone.
Talker Normalization of Lexical Tone
Several studies have examined contextual effects on tone identification. In a study by Leather (1983) , native listeners identified two sets of synthetic Mandarin tones carried on the vowel /y/. Each set was synthesized based on f 0 ranges of a different talker, and each set varied from Tone 1 (high-level) to Tone 2 (mid-rising). These test items were embedded in two precursor sentences with an f 0 characteristic of each talker. Overall, there was only a small and inconsistent effect of context on tone identification.
In another study, Lin and Wang (1985) presented native listeners with pairs of Mandarin tone stimuli, with the first syllable, representing Tone 1 (high-level), held constant, and the second syllable, representing Tone 4 (low-falling), having a variable onset f 0 . Participants were asked to identify the first syllable in each stimulus pair. As the onset f 0 of the second syllable increased, identification of the first syllable as Tone 2 (mid-rising) increased. Although the results appeared to offer some evidence for talker normalization in tone identification, no statistical analyses of the data were reported. Fox and Qi (1990) compared the perception of Mandarin Tone 1 (high-level) and Tone 2 (mid-rising) in isolation and in context. In the context condition, stimuli were paired in a manner similar to the pairing Lin and Wang (1985) used: The first syllable in a pair was either a Tone 1 or Tone 2 with fixed f 0 values, and the second syllable had an f 0 onset varying along a continuum from Tone 1 to Tone 2. Listeners were asked to identify the second syllable. In the isolation condition, listeners were presented the second syllable alone. There was no significant difference in tone identification between the isolated and context conditions. Xu (1994) studied production and perception of coarticulated tones in Mandarin Chinese. He found that the f 0 pattern of a tone produced in isolation varied depending on the tonal context. In a compatible context where the offset pitch level of a tone and the onset pitch level of its following tone were the same (e.g., a falling tone followed by a rising tone, or two adjacent high level tones), the tonal patterns deviated relatively from their canonical (isolated) form. However, in a conflicting context where adjacent tonal values disagreed (e.g., a rising tone followed by another rising tone, or a high level tone followed by a rising tone), the tones were assimilated such that their pitch levels were more similar to each other. Xu (1994) presented listeners with trisyllabic Mandarin phrases and asked listeners to identify the middle syllable. When naturally produced phrases were presented, listeners correctly identified the middle target syllable (as intended by the talker) most of the time.
When the first and last syllables in each phrase were swapped, resulting in an alteration of the naturally occurring coarticulated tonal context, listeners' identification of the target syllable changed in a manner suggesting accurate compensation for tonal coarticulatory effects. The perceptual experiments in this study used stimuli produced by one talker to examine how tonal context influences tone identification when F0 patterns of tones are altered due to the presence of neighboring tones. In the current study, we investigated whether tonal context could be used to compensate for intertalker differences.
Moore and Jongman (1997) also studied how tonal context may influence tone identification. They presented native listeners with three sets of stimuli varying between Mandarin Tone 2 (mid-rising) and Tone 3 (low-falling-rising). The three sets of stimuli varied in either turning point (the duration from onset to the inflection point of the tone), ∆f 0 (the difference in f 0 between the onset and the turning point), or both. Target tones were appended to two precursor sentences that differed only in f 0 level. When the targets varied only in ∆f 0 , or in both ∆f 0 and turning point, there was a reliable shift in labeling performance such that certain items were identified as low tones following the high-pitch precursor but as high tones following the low-pitch precursor. No significant shift was observed for the stimuli that varied only in turning point. Similar to the Ladefoged and Broadbent (1957) vowel study, this study showed a contrastive effect of precursor frequency range on target perception. On the basis of these findings, Moore and Jongman concluded that context effects on tone judgments occur only when the precursors and targets vary along the same dimension-f 0 in this case. It should be noted, however, that Moore and Jongman used ∆f 0 and pitch level interchangeably even though they actually refer to two different acoustic features. It is true that as ∆f 0 changes, the pitch level of the onset of the stimulus also changes; however, changing ∆f 0 means that the slope from the onset of the stimulus to the point of inflection changes as well, if the turning point is held constant. Thus, it is difficult to determine whether the context effect reported is properly considered an instance of talker normalization per se.
Despite a great deal of within-category acoustic variation, listeners have little difficulty recognizing speech patterns under most conditions. Currently, we have considerable knowledge of how this recognition is achieved in the case of vowels and consonants. Given that most of the world's languages use lexical tone to contrast word meaning, a full understanding of speech perception requires comparable knowledge of how listeners handle acoustic variability of tone categories.
A main purpose of the present study was to provide an unambiguous test of possible talker normalization effects in lexical tone identification. The tone language selected for study was Cantonese (see Table 1 , which summarizes the six Cantonese tones). Unlike many other tone languages such as Mandarin, Cantonese has three level tones, making it a good candidate for studying talker normalization. As discussed earlier, results of the Moore and Jongman (1997) study may have been influenced by the slopes of the contour tones, complicating the interpretation of the role of pitch level. In the case of level tones, how pitch interacts with contour shape or slope need not to be considered. Furthermore, unlike vowels or contour tones that contain multiple acoustic correlates for identification (e.g., F 1 and F 2 for vowels, and f 0 levels and f 0 directions for contour tones), level tones contain only one correlate (i.e., f 0 level), further simplifying the analysis. Although it has been shown that duration is an intrinsic cue for tone identification in Mandarin (Blicher, Diehl, & Cohen, 1990) , duration has been shown to be irrelevant to Cantonese level tone production and perception (Wong & Diehl, 1999) .
The three experiments reported here attempted to address the following questions: (a) Does the problem of talker variation (and the resulting category overlap) affect tone identification? (b) If so, how does f 0 information in the preceding linguistic context influence lexical tone identification? (c) If listeners rely on contextual f 0 information to determine tone category, how local is that contextual effect? Although this study was designed to study intertalker variation and talker normalization, the third experiment also provides some insights into how listeners overcome the problem of intratalker variation in lexical tone identification.
Experiment 1
In this experiment, native listeners identified isolated Cantonese level tones produced by multiple talkers. The critical comparison was between a condition in which items from different talkers were presented in a mixed format and a condition in which items were blocked by talker.
Method

Listeners
Listeners were 16 native Cantonese speakers (10 males and 6 females) who were paid for their participation. All listeners reported having normal hearing. All were residents of Austin, Texas; 14 were attending the University of Texas at Austin. Each listener served in both the mixed and blocked conditions of the experiment.
Stimuli
Seven male native Cantonese talkers, none of whom served as listeners, produced three isolated Cantonese words that differed minimally in lexical tone: /si1/ [teacher], /si3/ [to try], and /si6/ [yes]. (The numbers represent tone; for example, /si1/ = /si/ spoken with Tone 1-high-level tone.) All talkers were students attending the University of Texas at Austin. Recording sessions took place in a double-walled sound-attenuated chamber. Utterances were recorded via a SHURE SM 48 microphone and digitized at 10 kHz using a signal processing software package developed in our laboratory. There were 21 stimulus items (7 speakers × 3 tokens).
Procedure
All listeners participated in both the mixed-and blocked-presentation conditions, in counterbalanced order. In each condition, they identified six complete sets of the 21 stimuli, with the first set serving as practice. For the mixed-presentation condition, the stimuli were completely randomized. For the blocked-presentation condition, the stimuli were blocked by talker, but the order of stimulus presentation within a talker block was random, as was the order of the talker blocks themselves.
Listeners were allowed 3 s to respond, after which another second elapsed before the next stimulus was presented. They were asked to identify the stimuli by pressing one of the three response keys labeled with the Chinese character of the following three words:
[teacher] (/si1/), [to try] (/si3/), and [yes] (/si6/). The stimuli were stored on a PC and output at 10 kHz via a 16-bit D/A converter, low-pass filtered at 4.9 kHz and presented to participants over Beyer DT-100 earphones at 72 dB SPL.
Statistical Analysis
Identification scores were analyzed using a two-factor repeated-measures analysis of variance (ANOVA) with condition (mixed vs. blocked presentation) and talker as factors.
Results and Discussion
Listeners correctly identified the tones intended by the talkers 48.6% and 80.3% of the time in the mixedand blocked-presentation conditions, respectively. According to a two-factor repeated-measures ANOVA, there were significant main effects of talker, F(15, 6) = 7.130, p < .001, and of presentation condition, F(1, 15) = 66.987, p < .001, with listeners identifying level tones more accurately when stimuli were blocked by talker. The identification advantage for the blocked-presentation condition held for all 7 talkers (see Figure 1) , accounting for the absence of a significant interaction between talker and presentation condition, F(1, 6) = 1.642, p > .10. Blocked presentation evidently affords the listener information about the talker's normal F0 range, permitting a degree of perceptual normalization of the tone stimuli despite category overlap. These results are consistent with results showing that listeners are more accurate in identifying vowels produced by one talker than by multiple talkers (Strange, Verbrugge, Shankweiler, & Edman, 1976) .
Experiment 2
The results of Experiment 1 suggested that talker variation contributes to tone category overlap but that talker cues provided in the blocked-presentation condition help listeners resolve ambiguities. However, an obvious limitation of Experiment 1 is that the task of labeling lexical tones in isolation is highly artificial. A more realistic test of talker normalization is to embed target tones in a sentence context with a varying range of f 0 values. Experiment 2 was designed to provide such a test. 
Method
Listeners
Listeners were 16 native Cantonese speakers (6 males and 10 females), none of whom served as talkers. All listeners reported having normal hearing. All were attending either the University of Texas at Austin or the University of Hong Kong and were paid for their participation.
Stimuli
The same 7 male native Cantonese talkers from the previous experiment were each instructed to produce a semantically neutral Cantonese sentence: /ha6 yat1 go3 ji6 hai6 si3/ [The next word is try]. We refer to this as the original sentence. Recordings were made in a doublewalled sound-attenuated chamber using a SHURE SM 48 microphone. The utterances were digitized at 10 kHz and stored on a PC.
The musical semitone scale is a perceptual scale of pitch that is used widely in the study of prosody and lexical tone (e.g., Chao, 1947; Liberman & Pierrehumbert, 1994; Xu, 1999) . According to Chao, Cantonese Tone 3 (mid-level tone) is approximately three musical semitones lower than Tone 1 (high-level tone) and two musical semitones higher than Tone 6 (low-level tone).
1 On the basis of Chao's characterization, each talker's original sentence-up to but not including the final target word-was resynthesized in several ways using the Kay Analysis/Synthesis Laboratory (ASL). (This pretarget portion of each sentence is referred to as the context.) One context was given an F0 pattern two musical semitones higher than the original sentence. This context plus the target word is called here the Tone 6 sentence because, on the basis of talker normalization, the target was predicted to be identified as Tone 6 (/si6/ [yes]). A second context was given an f 0 pattern three semitones lower than the original sentence. This context plus the target word is referred to here as the Tone 1 sentence because, on the basis of talker normalization, the target word was predicted to be identified as Tone 1 (/si1/ [teacher] ). An increase of one musical semitone reflects approximately a 6% increase in f 0 , and so the contexts were resynthesized as follows: The f 0 of the context of the Tone 6 sentence was 1.13 (≈1.06) 2 times the original sentence, and the f 0 of the context of the Tone 1 sentence was 0.82 (≈1/1.06) 3 times the original sentence. Instead of using the original sentence as a stimulus token, a Tone 3 sentence was generated by raising the f 0 of the context of the original sentence by 1%, which was not expected to alter tone identification of the original Tone 3 target. Inasmuch as the quality of the resynthesized sentences was slightly different from that of the original sentences, using a resynthesized Tone 3 sentence helped to ensure that the quality of all the stimulus sentences was comparable. The stimuli, therefore, consisted of Tone 1, Tone 3, and Tone 6 sentences from each of the 7 talkers, for a total of 21 sentence stimuli.
Procedure
Five randomized sequences of the stimuli were presented to the listeners. They were allowed 3 s to respond, after which another 2 s elapsed before the next item was presented. Listeners were asked to identify the final, target word of each sentence by pressing one of three response buttons labeled with the Chinese character of the following three words: [teacher] (/si1/), [to try] (/si3/), and [yes] (/si6/). The stimuli were output at 10 kHz via a 16-bit D/A converter, low-pass filtered at 4.9 kHz, and presented to participants over Beyer DT-100 earphones at 72 dB SPL. The experiment was conducted in a doublewalled sound-attenuated chamber. During an initial practice session, listeners identified the target tones of one complete randomized set of the 21 stimuli.
Statistical Analysis
Identification scores were collected for each stimulus type and analyzed by coding listeners' tone category responses according to their distances relative to each other in musical semitones: Tone 1 (/si1/), Tone 3 (/si3/), and Tone 6 (/si6/) responses were coded as 6, 3, and 1, respectively. The three tones naturally form a continuum representing the pitch range within which the lexical tones fall, with 1 being the lowest pitch point and 6 being the highest. As discussed, Tone 1 is three semitones higher than Tone 3, which is in turn two semitones higher than Tone 6. For each stimulus sentence type, a value representing tone identification in terms of the above numerical coding was calculated. Thus, a high value signals a greater frequency of Tone 1 (high tone) responses. These results were then analyzed using a repeated-measures ANOVA with stimulus type (Tone 1, Tone 3, and Tone 6 sentences) as a factor. Parametric statistics were deemed appropriate because the semitone scale approximates an interval scale (e.g., a given semitone distance remains roughly the same across wide variations in reference f 0 value, accounting for the transposability of melodic lines across different keys).
Results and Discussion
Listeners' identification responses for each stimulus sentence are shown in Figure 2 . For the Tone 1, Tone 3, and Tone 6 sentences, target tones were identified in a manner consistent with predictions 99.5%, 91.9%, and 95.8% of the time, respectively. A repeated-measures ANOVA was performed on the coded data as described in the Method section and showed a significant main effect of stimulus sentence, F(15, 2) = 96.667, p < .0001. The results show that tone identification is strongly dependent on the f 0 of the context, and thus they provide clear evidence for talker normalization of lexical tone in sentence context.
Experiment 3
Experiment 2 indicated that in coping with talker variation, listeners rely on the f 0 pattern of the sentence context to identify the tone category of the target. Experiment 3 was designed to assess in a preliminary way the syllabic extent of the context used in talker normalization of tone categories.
Method
Listeners
Listeners were 8 native Cantonese speakers (5 males and 3 females) who were paid for their participation. All listeners reported having normal hearing. None of the listeners served as talkers, nor had they served as listeners in the previous experiments.
Stimuli and Procedure
Resynthesis and other experimental procedures were similar to those used in Experiment 2. However, in this experiment, the context was divided into two halves, the first half consisting of the first three syllables /ha6 yat1 go3/ and the second half consisting of the last two syllables /zi6 hai6/. On the average, the first half was longer than the second half (375 ms vs. 349 ms). The f 0 of the two halves of the context was raised or lowered independently.
In Experiment 2, the f 0 of the context as a whole was raised or lowered, and stimulus sentences were named on the basis of how the target was predicted to be identified by listeners. Because in this experiment the two halves of the context were raised and lowered independently, the stimulus naming conventions were somewhat more complex. Six new resynthesized sentences were generated for each talker and were named as follow: F1S3 (first half Tone 1, second half Tone 3), F1S6, F3S1, F3S6, F6S1, and F6S3. In the case of F1S6, for example, the first half was lowered by three semitones and the second half was raised by two semitones. Thus, if listeners used the first half of the context alone as the basis of talker normalization, the target was predicted to be labeled as Tone 1; on the other hand, if they normalized on the basis of the second half of the context, the target tone was predicted to be identified as Tone 6. The other stimulus names were derived in a similar fashion. Stimuli from Experiment 2 were also included in this experiment; these sentences were named F1S1, F3S3, and F6S6. Stimuli were presented to the listeners three times; thus, each participant identified 189 tokens (9 stimuli × 7 talkers × 3 repetitions). In all other respects, the experimental procedures were identical to those in Experiment 2.
Statistical Analysis
As in Experiment 2, listeners' identification responses were coded according to their distance from each other in musical semitones. Tone 1 (/si1/) responses were coded as 6, Tone 3 (/si3/) responses were coded as 3, and Tone 6 (/si6/) responses were coded as 1. A twofactor repeated-measures ANOVA was performed with the f 0 levels of each half of the context as factors (i.e., F1, F3, and F6 as one factor, and S1, S3, and S6 as another factor).
Results and Discussion
A 3 × 3 repeated-measures ANOVA showed a main effect of f 0 level for the first half of the context, F(2, 21) = Figure 2 . Identification responses in Experiment 2 (tone identification with a precursor sentence). Target tones in the Tone 1, Tone 3, and Tone 6 stimulus sentences were mostly identified as /si1/, /si3/, and /si6/, respectively. 27.314, p < .0001; a main effect of the f 0 level for the second half of the context, F(2, 21) = 114.831, p < .0001; and a significant interaction between these factors, F(4, 42) = 2.854, p < .05. Figure 3 shows the mean identification responses coded in terms of the semitone distance scale for each stimulus type.
Examination of this figure indicates that the second half of the context (i.e., that portion immediately adjacent to the final, target syllable) has a considerably greater effect on tone identification than the first half of the context, although the effect of both is in the same direction. The significant interaction between the two portions of the context is largely attributable to a greater effect of the first half of the context when the second half of the context has a high f 0 rather than a mid or low f 0 .
As in Experiment 2, listeners identified F1S1, F3S3, and F6S6 mostly as predicted (92.2%) on the basis of talker normalization (e.g., the target in the F1S1 sentences was usually identified as /si1/). The more interesting results relate to how listeners identified targets when the f 0 levels of the two halves of the context were altered in different amounts or directions. Table 2 summarizes the results for those stimulus sentences (i.e., F1S3, F1S6, F3S1, F3S6, F6S1, and F6S3). Consistent with Figure 3 , the table shows that listeners based their tonal judgment mostly on the second half of the context. (The highest response rate for each stimulus sentence type is underlined.) For example, in the case of stimulus sentence F3S1, listeners judged the target syllable to be /si1/ over 82% of the time. When all the stimulus sentences were taken into consideration, listeners identified the target syllable based on the second half of the context 67.0% of the time (a recency strategy), whereas they based their judgment on the first half 18.7% of the time (a primacy strategy). Neither strategy was clearly indicated 14.4% of the time. Thus, in identifying tones listeners tended to use the immediate context to normalize variation in f 0 . These results are consistent with findings in consonant perception, which showed that listeners tend to use the more proximal context as reference in identifying voice/ voiceless consonants (Summerfield, 1981) .
General Discussion Talker Normalization of Lexical Tone
The main purpose of this study was to investigate possible talker normalization effects in the identification of lexical tones. Experiment 1 showed a clear advantage for identifying isolated tones when their presentation was blocked by talker rather than mixed across talkers. These results suggested that tone category overlap is partly resolved by listeners on the basis of talker normalization. In Experiment 2, lexical tones were presented in a sentence context whose F0 level was modified in several ways. Predictions of listener identification based on talker normalization were well supported. Experiment 3 showed that although both the first and second halves of the context contribute to talker normalization, the second half (i.e., the portion immediately adjacent to the target syllable) yielded a stronger effect.
Unlike previous studies of tone normalization that tested identification of tones of Mandarin, a language that contains only a single level tone, Cantonese stimuli consisting of three level tones were used in this study. Note. F and S refer to the pitch pattern of the first half and second half of the stimulus sentences, respectively. The highest response percentage for each stimulus sentence is underlined; it shows that for all stimulus sentences, listeners mostly responded with reference to the second half. refer to the first half of the context, and S1, S3, and S6 refer to the second half of the context. The closer the mean response is to 6, 3, and 1, the more frequently the listeners identified the target tone as having the highest pitch (Tone 1), middle pitch (Tone 3), and the lowest pitch (Tone 6), respectively. Note that listeners mostly identified the target tone based on the second half regardless of what the first half was (i.e., S1, S3, and S6 are the closest to 6, 3, and 1, respectively).
The absence of contour tones and intrinsic durational differences among the stimuli implies that listeners must have used f 0 level to perform the task. The present study also differed from previous tone normalization studies in using a larger number of talkers (7 vs. 2). These factors may account for (a) the relatively poor identification performance in the mixed-presentation condition of Experiment 1 and (b) the robust evidence of normalization based on the f 0 level of other syllables in each talker block (Experiment 1) or in the sentence context (Experiments 2 and 3). As noted in the introduction, previous studies have not consistently demonstrated talker normalization effects based on f 0 level.
Recency Effect and Downdrift
In Experiment 3, listeners did not exploit the entire context equally in identifying the target; the portion of the context immediately adjacent to the target syllable tended to play a much more significant role. This effect may be related to the prevalence of downdrift, whereby tones at the beginning of an utterance tend to have a higher f 0 than the same tones at the end of an utterance. Table 3 shows the f 0 values for each syllable in a semantically neutral Cantonese sentence. These values were measured at syllable midpoint using the LPC pitch extraction algorithm in the Computerized Speech Lab (Kay Elemetric). It illustrates the occurrence of downdrift in the original sentences produced by talkers for Experiments 2 and 3. Notice that the third and sixth syllables have the same tone (Tone 3), but the f 0 of the third syllable (/go3/) is always higher than that of the sixth syllable (/si3/). This difference is statistically significant, t(6) = 3.017, p < .02.
The reliance of listeners on the more recent portion of the context in normalizing the target tone is perhaps attributable to their expectation of intratalker f 0 variation such as downdrift. Such variation would tend to confer greater contextual relevance on syllables in the immediate vicinity of the target. Thus, although certain results of the present study may be described in terms of the listener's efforts to adjust for intertalker variation, other findings-such as the recency effect of Experiment 3-may be more appropriately viewed as an adjustment for intratalker variation.
There is other evidence to support a possible connection between downdrift and the recency effect. In addition to showing that listeners based their tonal judgments mostly on the second half of the context, Table 2 also reveals that they did this more often in some instances than others. In cases such as F1S6 and F3S6, where listeners relied less on the latter half of the context (26.19% and 58.18%, respectively), the initial half of the context (i.e., F1 or F3) had a lower f 0 pattern than the latter half. Recall that F1 corresponds to a lowering of f 0 in the first half of the context by three semitones and that S6 corresponds to a raising of f 0 in the second half of the context by two semitones. Accordingly, F1S6 and F3S6 contained f 0 values that violated the ordinary pattern of downdrift. This may explain why the recency effect was weakest in the case of F1S6 and F3S6 but strongest in the case of F3S1 and F6S3 (where a downdrift pattern was present).
A Possible Effect of Focus on Tone Perception
The dependency of the recency effect on the tonal pattern of the context may also be attributable to a factor unrelated to downdrift. Portions of an utterance that are in focus may be expected to carry a higher pitch than portions not in focus. It is possible that for the purposes of talker normalization listeners give greater weight to the pitch level of unfocused words in evaluating the tonal value of a target word. This would make sense on the assumption that the higher pitch level of focused words is less representative of a talker's normal pitch range. If listeners do adopt such a strategy, then we would expect to see results similar to those of Experiment 3 (i.e., a smaller effect of the immediate context when it carries a high pitch relative to the more distal context). Note, however, that this account does not explain why the recency strategy was preferred overall. When listeners noticed that the focus was on the second half (i.e., F1S3, F1S6, and F3S6), they could have used the first half, which had more comparable pitch pattern to the target, to identify the target tone. However, in those instances, the primacy effect was not the strongest.
Conclusion
Both intertalker and intratalker variation can yield overlap of tone categories, especially in the case of level Note. /si3/ always has a lower f 0 than /go3/ even though they are both mid-level tones.
tones lacking intrinsic durational differences. The present study showed that listeners can partly resolve such tonal ambiguities by using contextual cues to F0 level and that they tend to place greater emphasis on F0 cues in the immediate vicinity of the target tone. This recency effect may be owing to the listener's sensitivity to intratalker variation such as downdrift.
